Constraining Hesperian martian PCO2 from mineral analysis at Gale crater by Des Marais, D. J. et al.
Constraining Hesperian martian 
PCO2 from mineral analysis at Gale 
crater 
T. F. BRISTOW1, R. M. HABERLE1, D. F. BLAKE1, D. T. 
VANIMAN2, J.P. GROTZINGER3, K. L. SIEBACH3, D. J. 
DES MARAIS1, E. B. RAMPE4, J. L. EIGENBRODE5, B. 
SUTTER4, A. G. FAIRÉN6, M.A. MISCHNA6, R. A. 
VASAVADA7 
1NASA Ames Research Center, Moffett Field, CA USA 
(thomas.f.bristow@nasa.gov 
2Planetary Science Institute, Tuscon, AZ USA 
3California Inst. Of Technology, Pasadena, CA USA 
4Aerodyne Industries, Jacobs at NASA JSC, Houston, TX 
USA 
5NASA Goddard Spaceflight Center, Greenbelt, MD, USA  
6CAB (CSIC-INTA), Spain, and Cornell U., NY, USA 
7Jet Propulasion Laboratory, Pasadena, CA USA 
 
Carbon dioxide is an essential atmospheric component in 
martian climate models that attempt to reconcile a faint young 
sun with planet-wide evidence of liquid water at the planets 
surface in the Noachian and Early Hesperian. Current estimates 
of ancient martian CO2 levels, derived from global inventories 
of carbon, and orbital detections of Noachian and Early 
Hesperian clay mineral-bearing terrains indicate CO2 levels 
that are unable to support warm and wet conditions. These 
estimates are subject to various sources of uncertainty 
however.  
Mineral and contextual sedimentary environmental data 
collected by the Mars Science Laboratory rover Curiosity in 
Gale Crater provide a more direct means of estimating the 
atmospheric partial pressure of CO2 (PCO2) coinciding with a 
long-lived lake system in Gale crater at ~3.5 Ga. Results from 
a reaction-transport model, which simulates mineralogy 
observed within the Sheepbed member at Yellowknife Bay by 
coupling mineral equilibria with carbonate precipitation 
kinetics and rates of sedimentation, indicate atmospheric PCO2 
levels in the 10’s mbar range. At such low PCO2 levels, climate 
models are unable to warm Hesperian Mars anywhere near the 
freezing point of water and other gases are required to raise 
atmospheric pressure to prevent lakes from boiling away. 
Thus, lacustrine features of Gale formed in a cold environment 
by a mechanism yet to be determined, or the climate models 
still lack an essential component that would serve to elevate 
surface temperatures, at least temporally and/or locally, on 
Hesperian Mars. Our results also impose restrictions on the 
potential role of atmospheric CO2 in inferred warmer 
conditions of the Noachian. 
 
https://ntrs.nasa.gov/search.jsp?R=20190001246 2019-08-30T10:51:41+00:00Z
